show the main functions within the system. An oscillator applies a voltage to the sensor and a small resistor R in series with the sensor is used to produce a voltage proportional to the sensor current. This current signal is adjusted in phase and amplitude until it exactly cancels the voltage signal applied to the differential amplifier. The output is thus set to zero but will rise when any imbalance occurs. The waveforms for this system are shown in Figure lb .
This technique is particularly powerful because it is found that some targets, such as certain types of stainless steel, do not change the amplitude detected and/or level detected to provide continuous or switched output. Further circuitry may be added to detect open-or short-circuit sensor connections. The oscillator must produce a pure sine wave of constant frequency and amplitude with a harmonic distortion lower than about 0.1 %. The commonly available 'waveform generator IC' is not suitable as this synthesises a sine wave from a triangular wave and a ladder network of resistors resulting in distortion of more than 1%. The
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circuit is to measure the inductance of the sensor using one of the many techniques available. These include bridge circuits, impedance measurement by supplying a current and measuring the voltage, or impedance measurement by applying a voltage and measuring the current. The bridge circuit requires the use of an identical inductor and the two impedance measuring techniques react in different directions to ferrous and conductive targets (i.e. impedance increases with ferrous targets and reduces with conductive targets).
This paper describes a method that utilises the advantage of a bridge circuit by setting a null and responding to any imbalance in the same way, but has the simplicity of an impedance measuring system in which a voltage is applied and the current measured+. In this way the sensor responds to both ferrous and conductive targets in the same way but does not require an identical inductor to balance the bridge.
Introduction
Proximity sensors, used to measure the distance from a target, are available and operate in various ways. OpticaJl, ultrasonic 2 , capacitive 3 , inductive 4 and magnetic 5 types are commonly available. The inductive types may be sub-divided into two groups: those which increase their inductance as a ferrous target is approached, and those which decrease their apparent inductance as a conductive target is approached. This latter type typically operate at frequencies of 100 kHz to a few MHz and will respond to any conducting targets such as iron or steel, aluminium, copper, brass, etc.
The working face of the sensor is an open cored conductor and this generally forms part of an oscillator circuit whose frequency or amplitude varies as the target is approached. To enable sensors to operate with long cables the circuitry is often included within the sensor body. The power and the output connections are then made through a two-or three-core cable.
In the nuclear industry the inclusion of active circuitry in the body of the sensor causes a problem. Semiconductor devices are destroyed by radiation after a period of time, dependent upon the level of exposure. It is possible to use an oscillator with all of the active circuitry at one end of a cable and only the inductor at the sensor end, but this requires a large inductance and the use of a low frequency to avoid cable capacitance effects.
An oscillator circuit requires the use of a high-Q circuit. So for a given cable capacitance C the inductor must be high inductance Land low resistance R which can only be achieved by using a physically large inductor.
An alternative to the oscillator 
Practical implementation
The voltage applied to the sensor, marked V in the diagram, and the amplified phaseshifted current signal, marked I in the diagram, are added together and peak level detected in the operational amplifier marked A5 which forms (V-I). The resulting dc output of . this stage is actually the difference rather than the sum of V and I because the current signal is inverted in operational amplifier A2.
The parts of the circuit described so far correspond to the functions shown in Figure 1 . The remaining parts are for easy adjustment, open-and short-circuit detection and relay operation when used as a proximity switch.
For easy adjustment the cancellation of the V and I signals is performed in two steps. First the amplitudes are made equal by peak level detecting each and comparing them in operational amplifier A6. Secondly the phase is adjusted until a minimum output of operational amplifier A5 is detected by operation amplifier A7.
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AmplitUde adjusted by variable gain pure sine wave. The operational amplifier marked A I forms this oscillator, but to stabilise its amplitude the output is peak level detected and fed to a multiplier X in the feedback path of the operational amplifier.
The output of the oscillator is fed to the sensor via a 2.2 IlF capacitor. Open and short circuit sensor connections are detected by monitoring the peak level detected voltage signal marked~on the diagram, and switching the output of operational amplifier A8 when "' 0' falls below 7.5 volts. The condition is caused either by a short-circuit sensor having no voltage across it or by an open-circuit sensor allowing the DC voltage at V to move to -15V due to the inclusion of the 2.2 !iF and the IOOkQ resistor to -15V shown at the output of operational amplifier AI. In both cases the voltage at {{ falls to near zero and the FAULT condition is activated. This is shown in Figure  3 .
Relay operation may be considered as a separate function because the output of operational amplifier A5 is a voltage proportional to the distance between the sensor and its target. Operational amplifier A9 is +l5k +l5Ṽ O.l 
Conclusions
The sensor has been tested in a radioactive environment and has equalled the sensitivity of existing sensors in which the circuitry is incorporated in the sensor body. Work is continuing in this area to develop a family of radiation-proof sensors to detect other parameters as well as position. The principle of excluding active circuitry from the sensor body whilst retaining the sensitivity of a bridge circuit, and allowing the use of a long (3000 metre) cable run, is proving to be of considerable benefit in the nuclear industry. used as a level detector so that when the target distance passes a pre-set point the relay becomes energised. Relay chattering is avoided by including a small amount of positive feedback (hysteresis) around operational amplifier A9. When a fault condition is indicated the relay function is overridden by the addition of the IkQ resistor and diode connected from the output of operational amplifier A8 to the negative input of operational amplifier A9.
